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CHIT 2 (D RERE DRI 7 300 00 T 962 SO M T A 0% B 310029)

W OB AR B AR BT i e R G R A X A A A A B R . K48 1 A 120 kP34 4R T R (26. 66 £ 2. 45) kg
B AL X K X K7 Z 043 AT M BEHLAY A% 4 41 G TR G gl T G54l T A B4 D BAH 3N M ERE . B EE
10 k4%, 43 i 4RI B VA i 60,300,1 000 A1 3 000 mg/kg BF A AR . TUHAHT 7 d, IEiX#1 16 d, Z5R %9, 5%
ZHAR EE 1) 25 1 00 2 o v A H I =R R %% e AR R Y I R (P<C0.05) 5 2) 3K 3 A 111 i 3 A R
B C18 @ 1HgNilR & B B EFE (P<<0.05) , JiFF C18 : 0.C18 : 2 JE IR & & W F AL (P<<0. 05,1 C16 : 0
JI W 2 % /TG b AR (P>>0. 05) 53) IR 56 41 11 A1 56 41 101 JFF Uk A g Tk 4 Al A 23 10 AT 1 (SCD1) mRNA /K- Ifil
PR MR A B TR (P<C0.05) . B 25 S5 B (4 T 17+ 1 2% 00 i FROIR AR IR R (T 7 2 i F AR (P <<
0.05) , — il FPR AR 2 AR (To) FIBR i LB R & oA LA A2 R AR E (P>0.05) . f LA AT, KR b s
1 000 F1 3 000 mg/kg £ L8 17475 AT IE SCD1 #% 5 /K AR #F T LA AR R (C18 = 0) [ 4t A dk , 8 i 1 4L
AT = TR R Y LR R T IR R R R 5 3R 0 0 R MILAAR 1) g T A

KB BIRREE AT PRV 1C U ; B R Bh A A A 25 i A 1

hE 4 %S $828;5963.73" 4 X HEARIRAD : A

A SR U 22 A 1 4 B DR T B 5 ML IR R 1
5 G U R 1 55 1 AR 3 O e BB W R AR P R % B
TR . BFFE R B 2R K BT 5 6 T S I TR
= 22 B0 L AR B B4 s PRCE R o L B 7 T e = IR
et I B 1 4L AR R LA B
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A VA T 85 T Paul A5 3R R AT S0 3 A [
L I = P v B S TR L TR 4
LK BN B4 . T 56 T 1 A AT 0% 0 1 A it
R ST R . B, A B 5 1005 5o R 1R R
e FEE 10 7 O )RR OHC F F T85 A 5 T U S o P 1
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1 MHBE5FE
L1 RIa# Rt

WM 4 (ZnSO, » TH,O) . /3 Hral, I [ 48 4K [
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3000 r/min 4 C&.0> 10 min, T B I 35 I 3% . 45 %%
5 1.5 mL B8 d . %9, - 70 C I RLE.

F1 EARABKRERKE(KFERM)
Table 1 Composition and nutrient levels of basal diet

(air-dry basis) %

i H Items
JERl Ingredients

4 H Content

E K Corn 62.00
T #1 Soybean meal 21.00
¥ Wheat middlings 8.00
%1k K & Extruded soybean 2.00
#F 1 8 Imported fish meal 3.00
TR Al Premix 4.00
41t Total 100.00
27K F Nutrient levels

1L fE DE/(MJ/kg) 13.86
HLEFE CP 18.53
5 Ca 0.80
WP 0.59
iR Lys 1.15
R + iR Met + Cys 0.66

IR RE R B T 58 1) MR 42 fit Premix provided following
per kilogram of diet: VA 1 300 IU, VD 150 1U, VE 11 1U,
VK 0.5 1U,VBy; 10 g, VB, 1 mg,VBs 1 mg.4E ¥ & biotin
50 pg, lB# choline 0.3 g, Mg folic acid 0. 3 mg,iZ ik pan-
tothenic acid 8 mg, #% # & riboflavin 2. 5 mg, Cu 200 mg,
Fe 150 mg,Mn 80 mg,

JFRIEAE ity o 7 i JUE ) — 388 052 BURE 10 g 7245 5%
R AR G R, — 70 CRAFE

1.4 miFEELIERMUE

L 375 7R 5 i 2 1 T ) 2 e ) DA W PR A My
DUVE T A BB PR DTTE 2 . (% B i 45 13 R ) 2
e B IR R EL (PVS) — B I VE B . 3 JH [ s
I =0 A0 R4 00 SR I [ e R A B — o A
— 4 — G LR L MOR B 1 (CHOD-PAP) Fil H i
WA E AL — T A L B — 4 — SRR AR i
2: (GPO-PAP) W 22 il 7] 65 W 1 B ot el A= ) T 7%
WFFERT . — AR R i 2 R (5 ) O A PR R D 2
fig (T, (B 28 L I sy ofi b 28 R 38 4 8 R FH il S
R TR W g S iR s Wil =g o) ANE [ | e Ay e =
AR
1.5 ZEM¥%EEE PCR
1.5.1 i RNA #y$2 5

FERE I E R H Trizol — 20 i 42 B & RNA, B
REAES BB S UL B R AT . SR A b il
2 RNA W B FEHEAT 1. 4% FP 5 A5 1 350 6 W 68 J2 Fl
WKL M 5E RNA 57,

1.5.2 Jufiksg

B RNA iz 5 5343 B ) & (RevertAid™ First
Strand cDNA Synthesis Kit) #e4E 360 #E 47, fr i =
YrEI A cDNA, T — 20 CHH7.

1.5.3 BI¥EITFS A&

2 A Z S5 ()5 1k R4 GenBank Hh 8 —
WLEh % (1 (B-actin) mRNA J¥ 41 (& i 2. U07786)
FOAT B BE 4 B A 2 1E FIfE 1 (stearoyl-CoA de-satu-
rase 1, SCD1)mRNA J3 41| C& fifi %5 : NM213781) X
ol G2, 51 & h BigAd T AY TREEAR
Iz 45 A BR 2> 7] 52 1K«

®2 AREEMENEESIWFS

Table 2 Primer sequences of reference gene and target gene

JL X Genes

547 % Primer sequence (5-3")

74 Product/bp

514 Forward primer:
GGATGCAGAAGGAGGTCACG
T 7514 Reward primer:
ATCTGCTGGAAGGTGGACAG
3514 Forward primer:

B-3h#E A B-actin

fofl JIE Tt T Al A 25 1 F Rl 1
Stearoyl-CoA de-saturase 1

130

AGCGTACTACCCTGACTATGGATT
T##514 Reward primer:

364

GCTTGGCTGTGCCTTATGAC

1.5.4  SEEFZEOGE & PCR gl

Z MK H] & (SYBR® Premix Ex Taq™)#:/E i)
B, SR W2 75 PCR 9 B FT
1.5.5  Hds 453 Mo B

AT .

ACt= Ctypgm — Clagup;

ANCt=ACtypa = ACtyma o

AR B L B-actin 1F 2 % SE A 5 R L2
7,1 SCD1 L [ M Fe ik (224,
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22 %

1.6 BFAERERBR S ENE
1.6.1  f5 5 $2 BORAR B iR P G AL

BO.3 g P IR 218 ) K 45 . in 2 mL A4
LK, 51 %, i Foleh %W ( =& be © I =
2 :1,V/V)8 mL #i#, & 1 W;37 CKEB
30 min,3 000 r/min B&.0> 5 min; W B R A = 4 H
ot s BN 0. 5% S AL 81 PR % 1 293 000 r/min # .0
5min; EE FIRADTE 1 IR IRECT A /SR T
14% BF3 — B B % 3 mL, iR 2), 60 C K i
30 min; B AT AR AL B 0. 3 mL; i iE
Cht 1 mLRGIES) sl i B A AR 3R
ABR LK 2 AR M IRIE A A (N IR
B0, 1 mL IEChe 2 BUAW 1 1L & &6
14 ( Angilent Technologies 6890N) [l 5z ,
1.6.2 (A% &0

#H N N, (99.99%) . i # 4 25 mL/min, N,
FEHTHE 510" Pa, 433 1/50 5 &0 A4l v 23 <0
4351k 40 F1 450 mL/min; #ERE R 1 oL #ERE R
240 C K8 Ry 270 C s MR FR 7 T+ - W 4R

FEIR 70 C L P-4 5 min, B2 F FHEE A 8 C/min, F+
% 270 C /45 5 min,
1.7 #HiEaE

K H SPSS 16. 0 G it 844 rh i B R Jr 22 43 B
EHITS AN, P<<0.05 HE S BE 4RO
H + ARiEIR RN .

2 # R
2.1 FFAERRERERS =

R 3 al, Sxr At Lid I m
C18 : ORI C18 : 2 J8lifia & RREIL T 1. 80%
(P<<0.05).1.32% (P<<0.05), i C18 : 1 fgMjfiz
GRIEET 2.60%(P<C0.05) ;X4 || C18 : 2
BEWiTR & &4 T 1. 70% (P<<0. 05) ; ik B 21 1
FrT C18 : 0 R ERE T 0.94% (P<C0.05)
Ah, Hofth 3 FPAG IR & & 50 AL L 22 R AR
FH(P>0.05), o, XEA T ALl 1w
C18 : OfMime & i &ML Tilg i 1 (P<<0.05),

x3 BEINFES4FHERBESENZMN

Table 3 Effects of high levels of zinc on four fatty acids percentage of hepatic %
Jig 15 AR Xif HE 20 e 1 R 2Rl
Fatty acids Control group Trial group | Trial group [l Trial group [l
Cl6 : 0 15.26£0.48 15.19+0.65 15.21£0.18 15.18%£0.46
Cl18 : 0 26.73+0.52° 26.98%0.75° 26.42+0.17" 26.25%£0.18¢
C18 : 1 33.80+0.10° 33.66+0.10° 33.77+0.11° 34.68+0.25°
C18 : 2 24.19%0.32° 24.21+0.82° 24.60£0.92° 23.87+0.61°

(R4 B 8 AR AN ) /NS 5 B R0R 28 53 B3 (P<20.05) LM R/NE F R R F R R R 27 A B8 (P>0.05) . T&RIA.

In the same row, values with different small letter superscripts mean significant difference (P<Z0. 05), while with same

small letter or no letter superscripts mean no significant difference (P>>0.05). The same as below.

2.2 EHEXMmMEREEMEH=ZESENFN
Fae 4 vl S Al AR L, B0 2l T i3 A H
T8 T Y R IR ARG R R AR R R A
W4 82.35% (P<C0.05).1.70% (P >>0.05) fl
30. 74% (P<C0. 05) ; ik B 4 11 43 %1 #2 /& 152. 94 %

(P<C0.05).11.17% (P >0.05) I 73.44% (P <
0.05) ;35 21 111 43 0 $2& /& 170.59% (P <C0.05),
24. 71% (P<C0. 05) F1 136. 70% (P<C0. 05), 3 it
5 2 v iR 4% B g AR 1R [ R R S 0 R A L 2
SRR EP>0.05),

x4 SEHMNMFREEENHE=RESENHM

Table 4 Effects of high levels of zinc on contents of cholesterol and triglycerid in serum mmol/L
H XoF HE 20 A 1 R e hll
[tems Control group Trial group [ Trial group [ Trial group [
MH =g Total triglycerid 0.17£0.013¢ 0.31+0.03° 0.43+0.02% 0.46 +0.26°
SR EEE Total cholesterol 50.92+1.56" 51.79+2.89" 56.61 +1.28" 63.50+2.67°
T % G & (I IH [ HDL-C 1.95+0.21 2.24+0.17 2.24+0.20 2.14%0.15
Ik %% B Mg 85 1 I [ B2 LDL-C 2.18+0.12¢ 2.85%0.59° 3.78%0.59" 5.16+0.23
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2.3 SEXTREREBAEE A XMMEB 1 mRNA

7K 3F B9 2 fim
WE 1 Bon, BEEE E T ,SCD1 /) mRNA
KA ETHaR, A 1 5 55 X 24

TR EZERE(P<<0.05) . Mgl 1 S5 g2
SARBEP>0.05),

i I

Q9 B 2.5

RZF 20 x

B % J

EE o IS

<25 |

zz8 10

EZ5 05

— Q

a g . . .

Q N N R

a  ° A R AR R
Control Trial Trial Trial
group group | group I group Il

* RN 2 H B EF (P<0.05),
difference (P<C0.05).

% indicated significant

Bl 1 &% SCD1 #) mRNA 3 RiZ 2R F Y
Fig.1 Effects of high levels of zinc on relative mRNA

concentrations of SCD1

2.4 SEHNNEBEZSENZMN

W5 Fras . M3 Ty FBE & LB 2 & B AE 45
HEZERANEZE(P>0.05), FE Uk R
ELIMKER ES RS RS LAEE . m T, &
HRETEESE., SOBAML. LKA T hEE
SEIEET 29.85% (P<<0.05), 0 T, & &K%
T 8.87% (P<C0.05) ;i KE 4l Il H 98 K ML F
RS MR T 38.81% (P<C0.05) 1 18. 60%
(P<<0.05). 7 T, &% B KL T 21.80% (P <
0.05);IRIBAMBREMBESETE RS T
43.28% (P<<0.05).37.06% (P<<0.05), i T,
SEPEILT 38.65% (P<<0.05),

3o #

P 5108 1A U 1 s £ 620041
T o JEIR I R 45608 8 3 25 2 T
AL I C S TR 00 11 A M IR 8 £
S M6 5 R O T X4

x5 SHMNINEHESENZN

Table 5 Effects of high levels of zinc on plasma hormones

i H XJ e e 1 g 1 R I

Items Control group Trial group [ Trial group [I Trial group [l
J % Leptin/(ng/mL) 0.67%0.19° 0.87+0.12" 0.93+0.79® 0.96+0.17"
ZWHVIR IR R Z /R Ts/ (ng/mL) 0.54%0.07 0.57+0.04 0.59+0.03 0.64%0.07
U A B R 2R T/ (ng/mL) 66.17+1.83" 60.30+1.43° 53.86+0.63° 41.65+0.22¢
J§i i % Insulin/(TU/mL) 4.45%0.14° 4.52+0.11° 5.42+0.23 6.17+0.15"
[ 25 L% % Glucagon/ (pg/mL) 220.27+7.38 226.94+6.13 233.91+4.76 236.87 +1.53

i g el i A 2540 AN (SCD) 2 T 41 i A Bl
BAANTRLFIRE i I 1) IR T T A9 S AR R, H AR
FH NG 3 NG WE 4 B A RN RS I 96 40 B A 43 5 3% fe A=
AR S5l ER . th SCD & i 1Y B A 1 F1 G I
R (MUFA) 3= 2 H T & 145 Fh B 107 . A0 45 w5 IR L 1
Tl = 55 R0 [ i . SCD-1 42 SCD [y 7 A, 2 %4y
TRTERFIE R . Miyazaki 2657 #2388 3R K R SCD
FEPA AT S O P9 H I =R A [E B R iR R AE
A0 R B4R R TR R fe ., B4R RE 4R R IE
Cl16 : 1F1 C18 : 1 By& &t (H AN AR 22 g H ol
= JE AR [E B R S BRSO, X R W] SCD 7E
B B A N AT BB 0 A . BE AT 52 e A U R 1Y
A9 E b A AR C OB A N (H B SR 4 R AR AE gL
Eder % Clejan 2557 fl Fogerty 251V 42 3 Sk 4 n]
B E AR A9 AR EETE T . Ayala 25U G B
KRNI Z AL A9 F 40 R 06 1 B3 X

MR, Kramer %50 4f 18 78 Gl 5 41 A0 c 7 28 K R
() A9 AR 7=y i 2 B . A H I = R L IE [
Tt g I I 2 1l % % £ 45 2 W) DXL A A [R) 4 1 T 15 45
R —F, FEE = AT S BOR BRI H il =S Ak
1T N B BN B o= = A R (A G R
N A B 1 I A H I R R AR
1) JHE 5 25 g3 L e B A A K BRI Y €16 2 0,
Cl8 : 0.C18 : 1 F®mE¥EAm,.CI8 @ 2 5 &
FREAR . T Dieck 4N GH Bl BE B AR K BUIF
JUE A G R o L B R . AT RGE

BCEE 2 3 R BUFIE C18 ¢ 1 & & i S5 R AIC, T e
BRI CL16 @ O MICI8 @ 1 RN S M B ETH.

ABFSE & B 45 in 1 000 A1 3 000 mg/kg #F 4H Y
SCD1 mRNA /K- Jglifg C18 @ 1 & & . M H
I =g K IR B A IE [ B (LDL-C) | LA & %
SRYBETE ISR C18 © 0 & & B # AL,
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X R E A SCDL #1 C18 @ 0 £ figiRi: S
EHUARR & Y EE 7. T 300,1 000 A1 3 000 mg/kg [1] KETTLER S I. EDER K. KETTLER A, et al.
My 48 XF ML i C16 0 &L FEHEAEZM. W Zinc deficiency and the activities of lipoprotein li-
C16 : O/ FIFRL B A%, X 5 R 8 C18 : 0- pz%se in plasma.and Fissue.s of rats forced-fed fli.ets
CoA J& SCD W EZE R WA M"Y . AR5 & B, w1;hl;00(;lnut.01ll o;(l)“;)soh O;;[Jf?;zjoj;r;al of Nutrition
. N - and Biochemical, , 11 - .
1000 me/kePEfEZ AWML C18 = 2 1Yo ik [2] YOUSEFMI, El- HENDY H A. El- DEMERDASH
. H TET - -H‘A/V\_D‘\ e ’ ) -
A ’jﬁ 3 000 meg/kg B AMAH A ki AR F M, et al. Dietary zinc deficiency induced-chan-
HALEA fr i — 22 W 05 ges in the activity of enzymes and the levels of free
R 1 AH DGR A1, 33 = 0 4 B A A — 0 radicals, lipids and protein electrophoretic behavior
ERZF SR HRIRER ER AERKMERS, B in growing rats[J]. Toxicology, 2002, 175223 —
xS R U RV 280 O RS . itk 234.
AT R U & AR R Y R [3] EDER K, KIRCHGESSNER M. Zinc deficiency
Brandao-Neto %(m Wi, B SR I B AE A . and activities of lipogenic and glycolytic enzymes in
o 32 SR A Y A T A L B 0 2 K BRI liver of rats fed coconut oil or linseed o0il[J]. Lip-
[ ids, 1995, 30:63 —69.
Simon 255 {3 A R 7 B 1 1 88 SR/ 1 e T
ﬁﬁ\ imon % EH?LL}%&;F i /Jj%){ﬁ}i?ﬁ b B [4] PAUL A, CALLEJA L, JOVEN J, et al. Supple-
LT 1B &5 ZR K P B2 B AR . ASBF ST 2 s, 1 000 A o .
mentation with vitamin E and/or zinc does not at-
3 000 mg/kg?ﬂ]i B BT 17 I 25 3R Gy B 1T tenuate atherosclerosis in apolipoprotein E-deficient
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WG G T B b2 0 I 300 DA 98 .
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. s . N 4 total lipids from animal tissues[J]. Journal of Bio-
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Effects of High Dietary Zinc Levels on Hepatic Lipid Metabolism in Piglets

WANG Fu QIAN Lichun CUI Huawei SUN Jianyi~

(Key Laboratory for Molecular Animal Nutrition of Ministry of Education, Institute of Feed Science . Zhejiang University ,
Hangzhou 310029, China)

Abstract: The present study was conducted to investigate the effects of high dietary zinc levels on hepatic lipid metabolism in
piglets. One hundred and twenty cross-bred (Duroc X Landrace X Yorkshine) piglets with initial body weight of (26. 66 + 2. 45) kg
were randomly allocated into 4 groups (control group, trial groups [ , [[ and [l[) with 3 replicates in each group and 10 pig-
lets in each replicate. Pigs were fed corn-soybean meal-based diets supplemented with 60, 300, 1 000 and 3 000 mg/kg Zn,
respectively. The trial lasted for 16 days after a 7-day adaptation period. The results showed as follows: compared with the
control group, 1) total triglycerids and low density lipoprotein cholesterol (LDL-C) in serum were significantly increased in
all dietary treatment groups( P<C0. 05); 2) in trial group Il . serum cholesterol and oleate (C18 : 1) levels were significantly
increased (P<C0.05), and the concentrations of stearate (C18 : 0) and octadecadienoic acid (C18 : 2) were significantly
decreased (P<C0. 05), but the concentration of palmitate (16 : 0) was unaffected (P>>0.05); 3) in trial groups [[ and [II .
the levels of stearoyl CoA desaturease (SCD1) mRNA. plasma leptin and insulin were significantly increased ( P<0. 05), the
level of T, in plasma was significantly decreased (P<C0.05), and increasing trends are shown in the levels of T; and gluca-
gon, but no significant differences were observed ( P=>0.05). The results indicate that high level of zinc up-regulate the
transcription level of SCD1, and enhance the desaturation of C18 : 0 and synthesis of triglycerid as well as cholesterol. Mo-
reover, high level of zinc can regulate the metabolism of hepatic fatty acids by stimulating the secreation of leptin and insu-

lin. [ Chinese Journal of Animal Nutrition, 2010,22(5):1200-1206 |
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